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METHOD AND ARRANGEMENT FOR
MAINTAINING CELL COVERAGLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a 35 U.S.C. §371 National Phase Entry
Application from PCT/SE2009/050241, filed Mar. 9, 2009,

and designating the United States.

TECHNICAL FIELD

The present invention relates to a method, an arrangement
and a communication network node 1n a communication net-
work system as well as a user equipment and, more particular
to arrangements, communication network nodes and user
equipments allowing for maintaining cell coverage 1n a as
well as a method for such maintained cell coverage.

BACKGROUND

A Tundamental parameter in communication network sys-
tems comprising High Speed Uplink Data Access (HSUPA)
operation 1s the noise rise threshold. Its purpose 1s to limit the
amount ol noise rise generated by the HSUPA users so that
coverage for all services 1s maintained. An excessive noise
rise causes a cell in such a communication network to shrink
(cell breathing) something that could lead to that User Equip-
ments (UE) distant to the Radio Base Station (RBS) experi-
ence poor uplink quality or even drop their connections.

The current best-practice 1s to set the noise rise threshold to
a fixed value. This value should be selected as a good trade-oif
between HSUPA capacity and peak-rates on one hand and
probability of uplink (UL) coverage 1n the cell on the other
hand. Since the UL coverage probability 1s cell specific this
analysis needs to be done on a per cell basis.

However, there are some problems with the current solu-
tions. Firstly, the process of finding a good trade-oif for the
setting of the noise rise threshold 1n a cell 1s cumbersome,
requiring an analysis of the coverage situation i each cell.
Moreover, as the network evolves, e.g. new sites are added,
new subscriber behaviour i1s introduced etc., the coverage
situation in the cell will change, so that the process of finding
a good trade-oil must be repeated.

Further, even 11 a noise rise threshold 1s maintained 1n each
cell 1n the network these noise rise thresholds are still set to
fixed values. As a consequence, during time periods when no
or few UEs are close to an uplink coverage limait, the uplink
spectrum may be under-utilized, leading to decreased
HSUPA capacity and peak-rates. Vice versa, during time peri-
ods when many UEs are close to an uplink coverage limit the
uplink spectrum may be over-utilized leading to poor uplink
quality or dropped calls.

SUMMARY

Accordingly, one objective with the present invention 1s to
provide an improved method of maintaining cell coverage in
a communication network system comprising a plurality of
communication network nodes communicating with one or
more user equipments, where each network node 1s serving at
least one cell 1n which the user equipments are situated.

According to a first aspect of the present invention this
objective 1s achieved through a method which comprises the
steps of: collecting measurement reports from the user equip-
ments within the at least one cell; analyzing collected mea-
surement reports from at least some of the user equipments
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for determining the proximity of these user equipments to an
uplink coverage limit; setting a noise rise threshold based on
the determined proximity of these user equipments to the
uplink coverage limit; and implementing the set noise rise
threshold 1n the network node serving the at least one cell.

A Turther objective of the present invention 1s to provide an
improved arrangement of maintaining cell coverage in a com-
munication network system comprising a plurality of com-
munication network nodes communicating with one or more
user equipments, where each network node 1s serving at least
one cell in which the user equipments are situated.

According to a second aspect of the present invention this
turther objective 1s achieved through an arrangement which
comprises: a receiver arranged to collect measurement
reports from the one or more user equipments within the at
least one cell; a radio network controller arranged to analyze
collected measurement reports from at least some of the user
equipments for determining the proximity of these user
equipments to an uplink coverage limit; the radio network
controller further being arranged to set a noise rise threshold
based on the determined proximity of these user equipments
to the uplink coverage limit; and a communication arrange-
ment arranged to communicate the set noise rise threshold
from the radio network controller to the network node serving
the at least one cell for implementing the set noise rise thresh-
old 1n that cell.

A yet turther objective of the present invention 1s to provide
an 1mproved communication network node for enabling
maintained cell coverage in a communication network system
comprising a plurality of communication network nodes
communicating with one or more user equipments, where
cach network node 1s serving at least one cell in which the user
equipments are situated.

According to a third aspect of the present invention this
turther objective 1s achieved through a communication net-
work node which comprises: a receiver arranged to collect
measurement reports from the one or more user equipments
within the at least one cell; a radio network controller
arranged to analyze collected measurement reports from at
least some of the user equipments for determining the prox-
imity of these user equipments to an uplink coverage limit;
the radio network controller further being arranged to set a
noise rise threshold based on the determined proximity of
these user equipments to the uplink coverage limit; and a
communication arrangement arranged to communicate the
set noise rise threshold from the radio network controller to
the network node serving the at least one cell for implement-
ing the set noise rise threshold 1n that cell.

A still further objective of the present mvention is to pro-
vide an improved user equipment for enabling maintained
cell coverage 1n a communication network system, the user
equipment being arranged to transmit measurement reports
comprising at least one of user equipment transmit power
information and received signal code power information over
a radio interface 1n a communication network system com-
prising communication network nodes each serving at least
one cell 1n which the user equipments are situated.

According to a fourth aspect of the present invention this
further objective 1s achieved through a user equipment where
the information in the measurement reports 1s adapted to
facilitate: analysis by a radio network controller for determin-
ing the proximity of the user equipment to an uplink coverage
limit; and setting by the radio network controller of a noise
rise threshold based on the determined proximity of the user
equipment to the uplink coverage limit; and communication
by a communication arrangement of the set noise rise thresh-
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old from the radio network controller to the network node
serving the at least one cell for implementing the setnoiserise

threshold 1n that cell.

Further embodiments are listed 1n the dependent claims.

Thanks to the provision of a method, an arrangement, a
communication network node and a user equipment which
provides for maintained cell coverage 1n a communication
network system several advantages are provided.

Using the teachings of the mmvention no complex task
involving time-consuming analysis of coverage situation of a
cell 1s required but anoise rise threshold for the cell may be set
automatically.

As the network evolves, e.g. new sites are added, new
subscriber behavior introduced etc., the time-consuming
analysis would previously have had to be repeated. Using the
teachings of the invention this repeated analysis 1s no longer
required as the noise rise threshold 1s maintained automati-
cally.

The teachings of the invention allows for the noise rise
threshold to change dynamically depending on the 1nstanta-
neous location of the UEs. This means that the previous
trade-ofl between HSUPA capacity and peak rates on one
hand and uplink quality on the other hand 1s no longer needed.
The teachings of the mvention will allow for both high
HSUPA capacity and peak rates and good uplink quality for
the connections 1n the cell. This means that the noise rise
threshold may adapt to the instantaneous location of the UEs
in a cell.

Still other objects and features of the present invention will
become apparent from the following detailed description
considered 1n conjunction with the accompanying drawings.
It1s to be understood, however, that the drawings are designed
solely for purposes of 1llustration and not as a definition of the
limits of the invention, for which reference should be made to
the appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptually
illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein like reference characters denote
similar elements throughout the several views:

FI1G. 1 1s a schematic illustration of a communication net-
work architecture according to the present invention;

FIG. 2 shows the information transier between the user
equipment, radio base station and a radio network controller
node.

FIG. 3 1s a simplified 1llustration of an uplink coverage
limit and predetermined first and second proximities of the
uplink coverage limat;

FI1G. 4 1s a simplified 1llustration of soit handover 1n accor-
dance with the present invention;

FI1G. 5 1s a flowchart 1llustrating the method 1n accordance
with the present invention;

FIG. 6 1s a stmplified block diagram of a user equipment
and an inventive communication network node as well as a
radio network controller node;

DETAILED DESCRIPTION

FIG. 1 depicts a commumication system 1ncluding a Radio
Access Network (RAN), such as the UTRAN architecture,
comprising at least one Radio Base Station (RBS) 15 (two are

shown in F1G. 1) connected to a controller unit, such as aradio
network controller node (RNC) 10. The RAN 1s connected to

a Core network (CN) 12. The RAN and the CN 12 provide
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communication and control for a plurality of user equipments
(UE) 18 that each uses downlink (DL ) channels 16 and uplink
(UL) channels 17. For the reason of clarity, only one uplink

channel 1s denoted 17 and one downlink channel denoted 16.
On the downlink channel 16, the RBS 15 transmits data

blocks to each UE 18. On the uplink channel 17, the UEs 18
transmit data blocks to the RBS 15.

According to a preferred embodiment of the present inven-
tion, the communication system 1s herein described as a
WCDMA communication system. The skilled person, how-
ever, realizes that the inventive method and arrangement
works very well on other communications systems as well,
such as other CDMA based communications systems. The
UEs 18 may be mobile stations such as mobile telephones
(“cellular” telephones) and laptops with mobile termination
and thus may be, for example, portable, pocket, hand-held,
computer-included or car-mounted mobile devices which
communicate voice and/or data with the RAN.

The present mvention 1s based on the realization that in
order to increase HSUPA capacity and peak-rates and pro-
mote good utilization of the uplink spectrum whilst at the
same time maintaining high uplink quality and avoiding
dropped calls the noise rise threshold 1n the cell may set in a
dynamic manner based on UE measurement reports. The UE
measurement reports in the cell are analyzed to find out how
many UEs are close to the uplink coverage limit, and the noise
rise threshold 1n the cell 1s adjusted accordingly.

FIG. 2 shows the information transier between a user
equipment 18, radio base station 15 and a RNC 10 illustrating
the method of maintaining cell coverage 1n a communication
network system 1n accordance with the present invention. The
communication network system comprises a plurality of
communication network nodes 154, 156 communicating with
one or more UEs 18. Each network node 15a, 155 1s serving
at least one cell 19 in which the UEs 18 are situated.

As 1llustrated 1n FIG. 2 the method comprises the steps of:
51 collecting measurement reports from the UEs 18 within
the at least one cell 19; 52 analyzing collected measurement
reports from at least some of the UEs 18 (e.g. the UEs 18 for
which maintained coverage 1s desired, 1.e. prioritized UEs)
for determining the proximity of these UEs 18 to an uplink
coverage limit 20; 53 setting a noise rise threshold based on
the determined proximity of these UEs 18 to the uplink cov-
erage limit 20; and 35 implementing the set noise rise thresh-
old 1n the network node 15a, 1556 serving the at least one cell
19.

In one embodiment the step 35 of implementing the set
noise rise threshold may comprise the step 54 of communi-
cating the noise rise threshold through updating the maxi-
mum total recerved total wideband power over a node B
application part.

In an alternative embodiment the step 335 of implementing,
the set noise rise threshold may comprise the step 34 of
communicating the noise rise threshold over an operation and
maintenance interface.

The step 52 of analyzing the collected measurement
reports may comprise analyzing at least one of user equip-
ment transmit (UE TX) power information and received sig-
nal code power (RSCP) information.

The different steps, as illustrated 1n FIG. 5, may be sum-
marized as follows.

Initially, UEs 18 sends measurement reports which are
collected 51 by the RNC 10. The UEs 18 may send the
measurement reports either periodically or event-based.

Thereafter, the RNC 10 analyses 52 the measurement
reports of selected UEs 18. By analyzing 52 the UE TX power
information and RSCP information in the measurement
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report of the selected UEs 18 the RNC 10 1s able to work out
how close to the uplink coverage limit 20 (see FIG. 3) these
UEs 18 are.

Following the analysis, 1f the selected UEs 18 are close to
the uplink coverage limit 20, the noise rise threshold may be
set to a decreased level 1n order to increase UL coverage. On
the other hand, 11 the selected UEs 18 are far from the uplink
coverage limit 20, the noise rise threshold may be set to an
increased level 1n order to increase HSUPA capacity and
peak-rates. If none of the above conditions are fulfilled, the
RINC 10 may keep the noise rise threshold at 1ts current level.

Finally, 1n case the noise rise threshold 1s changed the RNC
10 communicates 54 the new noise rise threshold to the radio
base station 15.

Thus, as 1llustrated in FIG. 3, in one embodiment the step
ol setting the noise rise threshold may comprise: decreasing
the noise rise threshold 1f determined that the analyzed UEs
18 are within a predetermined first proximity 21 of the uplink
coverage limit 20; and increasing the noise rise threshold 1f
determined that the analyzed UEs 18 are beyond a predeter-
mined second proximity 22 of the uplink coverage limit 20;
and maintaining the noise rise threshold at 1ts current level if
determined that the analyzed UEs are in-between the prede-
termined first 21 and second 22 proximities of the uplink
coverage limait 20.

The generic principles of the present invention are straight-
forward except for the analysis performed by the RNC 10. In
the following several possible methods for the analysis are
described. Each method may be used stand-alone but they
may also be combined.

RNC Analysis Method 1-—Analysis Based on Periodic UE
1X Power Measurements.

In this implementation the analysis 1s based on UE TX
power levels collected from periodic measurement reports
sent by the prioritized UEs 18.

The RNC 10 may decide to decrease the noise rise thresh-
old to a lower level if during a time period t1 a fraction larger
than F1 of the existing prioritized UEs 18 1n the cell has
reported a UE TX power level exceeding a level P1. E.g. >5%
of existing prioritized UEs 18 has during the last 10 seconds
reported power levels exceeding 18 dBm.

Vice versa. The RNC 10 may decide to increase the noise
rise threshold to a higher level 1f during a time period t2 a
fraction less or equal to F2 of the existing prioritized UEs 18
has reported a UE TX power level exceeding a level P2.
E.g. <=1% of existing prioritized UEs 18 has during the last
10 seconds reported power levels exceeding 15 dBm.

If none of the above criteria are met, the RNC 10 may
decide to keep the noise rise target threshold at the current
level.

Typically any change of the noise rise threshold 1s made
step wise (one or a few dB at a time) but also pre-defined
levels such as noise rise threshold “high™ or noise rise thresh-
old “low” may be used.

In order to avoid noise rise target threshold increasing or
decreasing to extreme values, an operator may configure a
mimmum value and a maximum value for the noise rise target
threshold.

The timers providing the time periods t1 and 2 should be
reset when a change of the noise rise threshold 1s 1mple-
mented.

Instead of a fraction of UEs 18 an absolute number may be
used 1n the analysis.

RINC Analysis Method 2—Analysis Based on Periodic RSCP
Measurements.

Instead of using the UE TX power level as an indication of

how close UEs 18 are to the uplink coverage limit 20, the
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RSCP level 1n the measurement report may be evaluated.
Based on the reported RSCP level and the setting of a pilot
power, an uplink path loss may be calculated. The uplink path
loss 1s a good 1ndication of how close a UE 18 1s to the uplink
coverage limit 20. The principles for modifying the noise rise
thresholds are identical to the ones of RNC analysis method 1
and will not be repeated.

Thus, 1n the embodiments of RNC analysis method 1 and
RINC analysis method 2 the steps of collecting measurement
reports from the one or more UEs 18 within the at least one
cell 19 comprises receiving periodic measurement reports
sent by the one or more UEs 18.

RNC Analysis Method 3—Analysis Based on Event__6.

I 1t 1s not desired to 1nitiate periodic measurements for all
prioritized UEs 18 1t 1s possible to make use of event based
measurement reports.

Event__6a 1s an event triggered when the UE TX power
exceeds a certain configurable level. It 1s used to indicate to
the RNC 10 that the UE 18 1s close to the uplink coverage
limit 20. A complementary event 1s event_ 6b which 1s sent as
the UE TX power falls below a certain configurable level. It 1s
used to indicate to the RNC 10 that a UE 18 1s no longer close
to the uplink coverage limit 20.

By analyzing event_ 6a and event__6b for prioritized UEs
18 it 1s possible to calculate how many UEs 18 that are close
to their uplink coverage limit 20, and 1n turn this may be used
to modity noise rise thresholds:

Analogue to RNC Analysis Method 1.

The RNC 10 may decide to decrease the noise rise thresh-
old to a lower level 11, during a time period t1 a fraction larger
than F1 of the existing prioritized UEs 18 has indicated the
state “close to the uplink coverage limit 207,

The RNC may decide to increase the noise rise threshold to
a lower value 11 during a time period 12 a fraction less or equal
to F2 of the existing prioritized UEs 18 has indicated the state
“close to the uplink coverage limit 20

If none of the above criternia are met, the RNC 10 may
decide to keep the noise rise target threshold at the current
level.

Typically any change of the noise rise threshold 1s made
step wise (one or a few dB at a time) but also pre-defined
levels such as noise rise threshold “high™ or noise rise thresh-
old “low” may be used.

In order to avoid the noise rise target threshold increasing
or decreasing to extreme values, an operator may configure a
minimum value and maximum value for the noise rise target
threshold.

The timers providing the time periods t1 and 12 should be
reset when a change of the noise rise threshold 1s 1mple-
mented.

Instead of a fraction of UEs 18 an absolute number may be
used 1n the analysis.

Instead of event 6a, which indicates that the UE TX
power has exceeded a certain level, event_ 6d may be used.
Event 6d indicates that a UE 18 has reached 1t maximum TX
POWE.

RNC Analysis Method 4—Analysis Based on Event_ 2.

Instead of the UE TX power based event_ 6 the RSCP
based event_ 2 may be used.

Event_ 2d 1s triggered when the measured RSCP falls
below an operator configurable level and may analogue to
event 6a be used to indicate that the UE 18 1s “close to the
uplink coverage limit 20”.

Event_ 21 1s triggered when the measured RSCP exceeds a
certain operator configurable level and may analogue to
event__6b be used to indicate that a UE 18 1s no longer “close
the uplink coverage limit 207,
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The principles for moditying the noise rise threshold of
RNC analysis method 4 are identical to the ones of RNC
analysis method 3 and will not be repeated.

Thus, 1n the embodiments of RNC analysis method 3 and
RNC analysis method 4 the steps of collecting measurement
reports from the one or more UEs 18 within the at least one
cell 19 comprises recerving event based measurement reports
sent by the one or more UEs 18.

Handling of Incoming Soft Handover Links.

When analyzing 11 the noise rise threshold 1s going to be
changed 1n certain cell 19 the invention as described so far has
only considered UEs 18 1n this cell 19.

However, as illustrated 1in F1G. 4, the present invention may
be extended to cover also UEs 18 that want to access this cell
19 from a neighbor cell 24.

The principle 1s the same as the one previously described.
If among the selected prioritized UEs 18 1n the neighboring
cell 24 the RNC 10 detects a UE 18 that 1s close to the a cell
border 23 between the first cell 19 and the neighboring cell 24
and close to the uplink coverage limit 20 of the first cell 19,
then the RNC 10 may lower the noise rise threshold 1n the first
cell 19 to increase the probability for any handover to the first
cell 19 to succeed.

Thus, as illustrated 1n FIG. 4, 1n order to handle incoming,
soit handover links the method 1n accordance with the present
invention further comprises: collecting measurement reports
from a user equipment 18 within a cell 24 neighbouring to the
at least one cell 19 and seeking to access the at least one cell
19; analyzing the collected measurement reports from this
user equipment 18 for determining the proximity of this user
equipment 18 to the uplink coverage limit 20 of the at least
one cell 19 and for determining the proximity of this user
equipment 18 to a cell border 23 between the at least one cell
19 and the neighbouring cell 24; lowering the noise rise
threshold if determined that the user equipment 18 1s within
the predetermined first proximity 21 of the uplink coverage
limit 20 of the at least one cell 19 and within a predetermined
third proximity of a cell border 23 between the at least one cell
19 and the neighbouring cell 24; implementing the lowered
noise rise threshold in the network node 15a serving the at
least one cell 19.

The present invention further, as illustrated in FIG. 6,
relates to an arrangement of maintaining cell coverage 1n a
communication network system comprising a plurality of
communication network nodes 154, 156 communicating with
one or more UEs 18. Each network node 15a, 155 1s serving
at least one cell 19 1n which the UEs 18 are situated.

The arrangement in accordance with the present invention
comprises: a recerver (RX) 31 arranged to collect measure-
ment reports from the one or more UEs 18 within the at least
one cell 19; a RNC 10 arranged to analyze collected measure-
ment reports from at least some of the UEs 18 for determining,
the proximity of these UEs to an uplink coverage limit 20; the
RNC 10 further being arranged to set a noise rise threshold
based on the determined proximity of these UEs 18 to the
uplink coverage limit 20; a communication arrangement 35
arranged to communicate the set noise rise threshold from the
RINC 10 to the network node 15a serving the at least one cell
19 for implementing the set noise rise threshold in that cell 19.

The UEs 18 are usually arranged to receive information
transmitted over the downlink channel 16 by a radio interface
transmitter (1X) 32. This information 1s recerved by the UEs
18 using a radio interface recerver (RX) 37.

In one embodiment the communication arrangement 33 1s
arranged to communicate the noise rise threshold through
updating the maximum total received total wideband power
over a node B application part. Alternatively the communi-
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cation arrangement 35 may be arranged to communicate the
noise rise threshold over an operation and maintenance inter-
face.

Further, the RNC 10 may be arranged to analyze at least
one of UE TX power mformation and RSCP information
contained 1n the collected measurement reports.

In a yet further embodiment the RNC 10 may be arranged
to set the noise rise threshold through: decreasing the noise
rise threshold 11 determined that the analyzed UEs 18 are
within a predetermined first proximity 21 of the uplink cov-
crage limit 20; and increasing the noise rise threshold 1f
determined that the analyzed UEs 18 are beyond a predeter-
mined second proximity of the uplink coverage limit 22; and
maintaining the noise rise threshold at its current level 1t
determined that the analyzed UEs 18 are in-between the pre-
determined first 21 and second 22 proximities of the uplink
coverage limit 20, see FIG. 3.

The recerver 31 may either be arranged to receive and
collect periodic measurement reports or event based measure-
ment reports sent by the one or more UEs 18.

In order to facilitate incoming soit handover links the
receiver 31 may, as 1llustrated 1n F1G. 4, further be arranged to
collect measurement reports from a user equipment 18 within
a cell 24 neighbouring to the at least one cell 19 and seeking
to access the at least one cell 19. The radio network controller
10 may further be arranged to analyze the collected measure-
ment reports from this user equipment 18 for determining the
proximity of this user equipment 18 to the uplink coverage
limit 20 of the at least one cell 19 and for determining the
proximity ol this user equipment 18 to a cell border 23
between the at least one cell 19 and the neighbouring cell 24.
The radio network controller 10 may further be arranged to
lower the noise rise threshold if determined that the user
equipment 18 1s within the predetermined first proximity 21
of the uplink coverage limit 20 of the at least one cell 19 and
within a predetermined third proximity of a cell border 23
between the at least one cell 19 and the neighbouring cell 24.
The communication arrangement 35 may further be arranged
to communicate the lowered noise rise threshold to the net-
work node 15qa serving the at least one cell 19.

The present invention further, as also 1llustrated 1n FIG. 6,
relates to a communication network node 15a for enabling
maintained cell coverage 1n a communication network system
comprising a plurality of communication network nodes 154,
156 communicating with one or more UEs 18. Each network
node 154, 155 1s serving at least one cell 19 1n which the UEs
18 are situated. The communication network node comprises
a receiver 31 arranged to collect measurement reports from
the one or more UEs 18 within the at least one cell 19. A RNC
10 1s arranged to analyze collected measurement reports from
at least some of the UEs 18 for determining the proximity of
these UEs 18 to an uplink coverage limit 20. The RNC 10 1s
further arranged to set a noise rise threshold based on the
determined proximity of these UEs 18 to the uplink coverage
limit 20. A communication arrangement 35 1s arranged to
communicate the set noise rise threshold from the RNC 10 to
the network node 15a serving the at least one cell 19 for
implementing the set noise rise threshold 1n that cell 19.

The analysis functionality of the RNC 10 may, although
described as performed exclusively by the RNC 10 be wholly
or partially distributed between subordinate controlling units
(CU) 33, which, as illustrated in FIG. 6, may be located within
the RNC 10 or alternatively within the network node 15 or yet
alternatively distributed between both the RNC 10 and the
network node 15.

The present invention, as illustrated 1n FIG. 6, also relates
to a user equipment 18 for enabling maintained cell coverage
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in a communication network system, the UE 18 being
arranged to transmit measurement reports comprising at least
one of UE TX power information and RSCP information over
a radio interface transmitter (1X) 36 1n a communication
network system comprising commumnication network nodes
15a, 155 each serving at least one cell 19 1n which the UEs 18
are situated. The information in the measurement reports 1s
adapted to facilitate analysis by a RNC 10 for determining the
proximity of the UE 18 to an uplink coverage limit 20. The
information in the measurement reports 1s further adapted to
tacilitate setting by the RNC 10 of anoise rise threshold based
on the determined proximity of the UE 18 to the uplink
coverage limit 20. Furthermore, the information 1n the mea-
surement reports 1s adapted to facilitate communication by a
communication arrangement 33 of the setnoise rise threshold
from the RNC 10 to the network node 154 serving the at least
one cell 19 for implementing the set noise rise threshold 1n
that cell 19.

Thus, while there have been shown and described and
pointed out fundamental novel features of the mmvention as
applied to a preferred embodiment thereot, it will be under-
stood that various omissions and substitutions and changes in
the form and details of the devices illustrated, and i1n their
operation, may be made by those skilled in the art without
departing from the spirit of the mvention. For example, 1t 1s
expressly intended that all combinations of those elements
and/or method steps which perform substantially the same
function in substantially the same way to achieve the same
results are within the scope of the invention. Moreover, 1t
should be recognized that structures and/or elements and/or
method steps shown and/or described 1n connection with any
disclosed form or embodiment of the invention may be incor-
porated in any other disclosed or described or suggested form
or embodiment as a general matter of design choice. It is the
intention, therefore, to be limited only as indicated by the
scope of the claims appended hereto.

=B 4 4

Expressions such as “including”, “comprising”, “incorpo-
rating’, “consisting of”, “have”, “1s” used to describe and
claim the present mnvention are intended to be construed in a
non-exclusive manner, namely allowing for items, compo-
nents or elements not explicitly described also to be present.
Reference to the singular 1s also to be construed to relate to the
plural and vice versa.

Numerals included within parentheses in the accompany-
ing claims are intended to assist understanding of the claims
and should not be construed 1n any way to limit subject matter
claimed by these claims.

The mvention claimed 1s:

1. A method of maintaining cell coverage 1n a communi-
cation network system comprising a plurality of communica-
tion network nodes communicating with one or more user
equipments, where each network node 1s serving at least one
cell in which the one or more user equipments are situated, the
method comprising:

collecting measurement reports from the one or more user

equipments within the at least one cell;

analyzing collected measurement reports from at least a

subset of the one or more user equipments for determin-
ing a proximity of this subset of user equipments to an
uplink coverage limat;

setting a noise rise threshold based on the determined prox-

imity of this subset of user equipments to the uplink
coverage limit; and

implementing the noise rise threshold 1n the network node

serving the at least one cell.

2. The method according to claim 1, wherein the step of

implementing the noise rise threshold comprises:
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communicating the noise rise threshold through updating
the maximum total received total wideband power over
a node B application part.

3. The method according to claim 1, wherein the step of

implementing the noise rise threshold comprises:
communicating the noise rise threshold over an operation
and maintenance interface.

4. The method according to claim 1, wherein the step of
analyzing the collected measurement reports comprises ana-
lyzing at least one of user equipment transmit power infor-
mation and received signal code power information.

5. The method according to claim 1, wherein the step of
setting the noise rise threshold comprises:

decreasing the noise rise threshold 1in response to determin-
ing that the analyzed subset of user equipments are
within a predetermined first proximity of the uplink
coverage limat;

increasing the noise rise threshold 1n response to determin-
ing that the analyzed subset of user equipments are
beyond a predetermined second proximity of the uplink
coverage limit; and

maintaining the noise rise threshold at 1ts current level 1n
response to determining that the analyzed subset of user
equipments are i-between the predetermined first and
second proximities of the uplink coverage limut.

6. The method according to claim 1, wherein the step of
collecting measurement reports from the one or more user
equipments within the at least one cell comprises receiving
periodic measurement reports sent by the one or more user
equipments.

7. The method according to claim 1, wherein the step of
collecting measurement reports from the one or more user
equipments within the at least one cell comprises receiving
event based measurement reports sent by the one or more user
equipments.

8. The method according to claim 1, further comprising:

collecting measurement reports ifrom a particular user
equipment within a cell neighbouring to the at least one
cell and seeking to access the at least one cell;

analyzing the collected measurement reports from the par-
ticular user equipment for determining a proximity of
the particular user equipment to the uplink coverage
limit of the at least one cell and for determining the
proximity of the particular user equipment to a cell bor-
der between the at least one cell and the neighbouring
cell;

lowering the noise rise threshold 1f determined that the
particular user equipment 1s within the predetermined
first proximity of the uplink coverage limit of the at least
one cell and within a predetermined third proximity of a
cell border between the at least one cell and the neigh-
bouring cell; and

implementing the lowered noise rise threshold in the net-
work node serving the at least one cell.

9. An arrangement for maintaiming cell coverage 1n a com-
munication network system comprising a plurality of com-
munication network nodes communicating with one or more
user equipments, where each network node 1s serving at least
one cell in which the one or more user equipments are situ-
ated, the arrangement comprising:

a recerver arranged to collect measurement reports from
the one or more user equipments within the at least one
cell;

a radio network controller arranged to analyze collected
measurement reports from at least a subset of the one or
more user equipments for determining a proximity of the
subset of the one or more user equipments to an uplink
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coverage limit and further arranged to set a noise rise
threshold based on the determined proximity of the sub-
set of the one or more user equipments to the uplink
coverage limit; and

a communication arrangement arranged to communicate

the set noise rise threshold from the radio network con-
troller to the network node serving the at least one cell
for implementing the set noise rise threshold 1n that cell.
10. The arrangement according to claim 9, wherein the
communication arrangement 1s arranged to communicate the
noise rise threshold through updating the maximum total
received total wideband power over anode B application part.
11. The arrangement according to claim 9, wherein the
communication arrangement 1s arranged to communicate the
noise rise threshold over an operation and maintenance inter-
face.
12. The arrangement according to claim 9, wherein the
radio network controller 1s arranged to analyze at least one of
user equipment transmit power mnformation and recerved sig-
nal code power mformation contained in the collected mea-
surement reports.
13. The arrangement according to claim 9, wherein the
radio network controller 1s further arranged to set the noise
rise threshold through:
decreasing the noise rise threshold if determined that the
analyzed subset of user equipments are within a prede-
termined {irst proximity of the uplink coverage limut;

increasing the noise rise threshold 11 determined that the
analyzed subset of user equipments are beyond a prede-
termined second proximaity of the uplink coverage limat;
and

maintaiming the noise rise threshold at 1ts current level 1t

determined that the analyzed subset of user equipments
are 1n-between the predetermined first and second prox-
imities of the uplink coverage limat.

14. The arrangement according to claim 9, wherein the
receiver 1s arranged to recerve and collect periodic measure-
ment reports sent by the one or more user equipments.

15. The arrangement according to claim 9, wherein the
receiver 1s arranged to recetve and collect event based mea-
surement reports sent by the one or more user equipments.

16. The arrangement according to claim 9, wherein:

the receiver 1s further arranged to collect measurement

reports from a user equipment within a cell neighbour-
ing to the at least one cell and seeking to access the at
least one cell;

the radio network controller is further arranged to analyze

the collected measurement reports from this user equip-
ment for determining the proximity of this user equip-
ment to the uplink coverage limait of the at least one cell
and for determining the proximity of this user equipment
to a cell border between the at least one cell and the
neighbouring cell;

10

15

20

25

30

35

40

45

50

12

the radio network controller 1s further arranged to lower the
noise rise threshold 11 determined that the user equip-
ment 1s within the predetermined first proximity of the
uplink coverage limit of the at least one cell and within
a predetermined third proximity of a cell border between
the at least one cell and the neighbouring cell; and

the communication arrangement 1s further arranged to
communicate the lowered noise rise threshold to the
network node serving the at least one cell.

17. A communication network node for enabling main-
tamned cell coverage 1n a communication network system
comprising a plurality of communication network nodes
communicating with one or more user equipments, where
cach network node 1s serving at least one cell in which the one
Oor more user equipments are situated, the communication
network node comprising:

a recerver arranged to collect measurement reports from
the one or more user equipments within the at least one
cell;

a radio network controller arranged to analyze collected
measurement reports from at least a subset of the one or
more user equipments for determining the proximity of
the subset of the one or more user equipments to an
uplink coverage limit and further arranged to set a noise
rise threshold based on the determined proximaity of the
subset of the one or more user equipments to the uplink
coverage limit; and

a communication arrangement arranged to communicate
the set noise rise threshold from the radio network con-
troller to the network node serving the at least one cell
for implementing the set noise rise threshold 1n that cell.

18. A user equipment for enabling maintained cell cover-
age 1n a communication network system, the user equipment
being arranged to transmit measurement reports comprising
at least one of user equipment transmit power information and
received signal code power information over a radio interface
in a communication network system comprising commuini-
cation network nodes each serving at least one cell, wherein
the information in the measurement reports 1s adapted to
tacilitate:

analysis by a radio network controller for determining a
proximity of the user equipment to an uplink coverage
limat;

setting by the radio network controller of a noise rise
threshold based on the determined proximity of the user
equipment to the uplink coverage limit; and

communication by a communication arrangement of the
set noise rise threshold from the radio network controller

to the network node serving the at least one cell for
implementing the set noise rise threshold 1n that cell.

G o e = x



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,644,871 B2 Page 1 of 1
APPLICATION NO. : 13/254538

DATED . February 4, 2014

INVENTOR(S) : Ljung

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification
In Column 3, Line 58, delete “node;” and isert -- node. --, therefor.

In Column 8, Line 13, delete “uplink coverage limit 22;” and
msert -- uplink coverage limit 20; --, therefor.

Signed and Sealed this
Sixteenth Day of September, 2014
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